Acid Sensing Ion Channel 1a (ASIC1a) Mediates Activity-induced Pain by Modulation of Heteromeric ASIC Channel Kinetics.
Chronic muscle pain is acutely worsened by exercise. Acid sensing ion channels (ASIC) are heteromeric channels expressed in muscle sensory neurons that detect decreases in pH. We have previously shown ASIC3 is important in activity-induced hyperalgesia. However, ASICs form heteromers with ASIC1a being a key component in sensory neurons. Therefore, we studied the role of ASIC1a in mice using behavioral pharmacology and genetic deletion in a model of activity-induced hyperalgesia. We found ASIC1a-/- mice developed mechanical hyperalgesia similar to wild-type mice, but antagonism of ASIC1a, with psalmotoxin, prevented development of mechanical hyperalgesia in wild-type mice, but not in ASIC1a-/- mice. To explain this discrepancy, we then performed electrophysiology studies of ASICs and examined the effects of psalmotoxin on ASIC heteromers. We expressed ASIC1a, 2 and 3 heteromers or ASIC1 and 3 heteromers in CHO cells, and examined the effects of psalmotoxin on pH sensitivity. Psalmotoxin significantly altered the properties of ASIC hetomeric channels. Specifically, in ASIC1a/2/3 heteromers, psalmotoxin slowed the kinetics of desensitization, slowed the recovery from desensitization, and inhibited pH-dependent steady-state desensitization, but had no effect on pH-evoked current amplitudes. We found a different pattern in ASIC1a/3 heteromers. There was a significant leftward shift in the pH dose response of steady-state desensitization and decrease in pH-evoked current amplitudes. These results suggest that blockade of ASIC1a modulates the kinetics of heteromeric ASICs to prevent development of activity-induced hyperalgesia. These data suggest ASIC1a is a key subunit in heteromeric ASICs and may be a pharmacological target for treatment of musculoskeletal pain.